Coloured overlays or lenses are widely available for use by children and adults with difficulties or discomfort while reading. In recent years, systematic reviews have been conducted in an attempt to establish the strength of the evidence base for this intervention. The aim of this overview is to systematically review these reviews. The methodology was published prospectively as a protocol (Prospero CRD42017059172). Online databases Medline, Cinahl, Embase and the Cochrane Library were searched for systematic reviews on the efficacy of coloured overlays or lenses for the alleviation of reading difficulty or discomfort. Included studies were appraised using the AMSTAR 2 checklist. Characteristics of included studies such as aspects of methods, results and conclusions were recorded. Both processes were conducted independently by two reviewers and any discrepancies were resolved by discussion. Thirty-one studies were found via databases and other sources. After excluding duplicates and those not fitting the inclusion criteria, four reviews were included in the analysis. While all reviews were systematic, their methodology, results and conclusions differed. Three of the four concluded that there is insufficient good quality evidence to support the use of coloured overlays or lenses for reading difficulty, while one concluded that, despite research limitations, the evidence does support their use. On balance, systematic reviews to date indicate that there is not yet a reliable evidence base on which to recommend coloured overlays or lenses for the alleviation of reading difficulty or discomfort. High quality, low bias research is needed to investigate their effectiveness in different forms of reading difficulty and discomfort for adults and children.
Coloured overlays and lenses are widely available for use by children and adults who experience a range of reading difficulties, including slow or inaccurate reading. Reading difficulties may be associated with perceived movement or other distortion of text and the presence of symptoms such as headache and eye strain. [1] [2] [3] Interest in the potential benefits of coloured filters began when Meares and Irlen found, independently, that in schoolchildren experiencing such difficulties, symptoms could be relieved by viewing text on coloured paper or through coloured overlays (transparent sheets placed over text). 4, 5 These findings formed the basis of research on the effects of coloured filters on comfort, accuracy and speed when reading, and of the provision of coloured overlays or coloured spectacle lenses for children and adults experiencing such symptoms. 6, 7 Research findings have indicated that blue or yellow filters, or a variety of individually-specific coloured filters may be beneficial for people with reading difficulties. 8 Individuals whose symptoms or signs (such as slow reading speed) are improved when using a coloured filter are sometimes diagnosed with visual stress, Meares-Irlen or Scotopic Sensitivity syndrome. Research groups have tended to adopt one of these terms (for example, Wilkins et al. coined the term visual stress, 9 while Irlen first used the term scotopic sensitivity syndrome) but they refer to the same range of reading difficulties or discomfort. Here, the term 'visual stress' will be used since much of the more recently published work has used this term.
Recently, a consensus-based list of diagnostic indicators has been established 3 which may offer more precision in identifying people with visual stress. However, in prior research the condition has been diagnosed on the basis of any of a range of visual symptoms when reading, and reduced symptoms when viewing through coloured filters.
The use of coloured overlays and lenses for reading difficulty is controversial for at least three reasons. First, as indicated above, there has been some disagreement on the range of beneficial colours (for example, blue/yellow versus any colour on the spectrum 10, 11 ). Second, to date there is a lack of consensus on the effectiveness of coloured filters, with some research findings indicating significant improvements in reading, 8, [11] [12] [13] [14] [15] [16] [17] [18] for example, while others find no improvement. [19] [20] [21] Third, a claim that coloured filters alleviate symptoms and/or enhance reading ability should be supported by an evidence base not only showing effectiveness but also explaining why the effect is found.
In the case of coloured filters and their effect on reading, one hypothesis is that the visual cortex is hyper-excited by high contrast patterns of spatial frequency, around three cycles per degree, and by black-white text around this frequency. 22 However, functional magnetic resonance imaging and visual evoked potential studies of subjects with visual stress have included small samples or have focused on people who have migraine as well as visual stress. [23] [24] [25] [26] In addition, it should be noted that people with reading difficulties may be keen to find a solution to their problem, and parents or carers of a child with visual stress are likely to welcome an intervention that could enhance their child's reading comfort and/or ability. In view of this, before suggesting coloured overlays or lenses for people with reading difficulty, it is important to establish that the intervention has a solid, reliable evidence base demonstrating clinically significant effects.
Research on the efficacy of health interventions such as coloured filters for reading may use a range of study designs involving comparison between the use of a coloured filter and a different filter, or no filter. Research can be subject to various forms of bias and in an intervention study these can be controlled to some extent by using a randomised controlled study design, in which people with the target condition are randomly allocated to two or more groups, to investigate the effectiveness of a specific intervention. One group (the experimental group) receives the intervention under investigation, while a comparison or control group receives an alternative intervention, a dummy (placebo) intervention or no intervention at all. All groups are followed up, outcomes are measured at specific times and any differences between groups are assessed statistically.
However, bias can still exist in randomised controlled studies and can be identified by appraising the quality of the research using standardised risk of bias tools. Systematic reviews of research on a particular question involve finding and appraising relevant research with the aim of answering the question. 27 If the various pieces of research evidence are sufficiently comparable, a meta-analysis may be included to provide a pooled estimate of effectiveness.
A systematic review offers advantages over a more narrative review in that it includes controls for an author's conscious or unconscious bias. Specifically, the systematic review includes a wide search of published and unpublished research using appropriate key words, at least two people independently checking relevance, and appraising each relevant study using a set of pre-determined criteria. Several reviews including some systematic reviews have now been conducted into questions related to the effectiveness of coloured overlays or lenses in reading difficulty and/or visual stress.
The aim of this review is to provide an overview 28 and critical appraisal of the existing systematic reviews to determine whether coloured overlays or lenses are effective in alleviating reading difficulty or discomfort, including visual stress. A research question consistent with this aim was developed including the PICO components Patient or Problem (people with reading difficulties or discomfort), Intervention (coloured overlays or coloured spectacle lenses), Comparison (placebo or no comparison) and Outcome (alleviation of reading difficulties).
METHODS
The protocol for this overview was prospectively published on the PROSPERO database (CRD42017059172; http://www.crd. york.ac.uk/PROSPERO/display_record. asp?ID=CRD42017059172). The overview addressed the question 'Do coloured filters alleviate reading problems?' For this purpose, 'coloured filters' refers to both overlays and tinted lenses, and 'reading problems' includes any symptom affecting reading, including discomfort or perceptual distortion, and/or signs of reading difficulty such as slow reading. Systematic reviews that had addressed this question were eligible for inclusion in this overview.
Studies that had searched more than one database and had conducted a critical analysis of their included studies were considered to be systematic reviews. The method adopted in this overview of systematic reviews followed the methodology described by Smith et al. for the systematic review of systematic reviews 28 and is aligned with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) statement (http://prisma-statement.org).
Cinahl and Medline databases were searched via the EBSCOHost platform and Embase database was searched via the Ovid platform. In addition, the Cochrane Library was searched. Searches were conducted on 17 March 2017 and were repeated on 29 June 2017 to check for any new studies. Within each database, the concepts 'reading', 'coloured filter' and 'review' were used. Within the concept 'reading', subject headings 'reading', 'reading disorder' and 'dyslexia' were searched. Keywords: 'visual stress', 'Meares-Irlen', 'Reading difficulty', 'Scotopic sensitivity' were searched separately. In the concept 'coloured filter', the subject heading 'coloured filter' was searched, and keywords 'coloured overlay', coloured lens', 'coloured filter', 'precision tint' were searched separately. In the concept 'review', the subject headings 'review', 'systematic review' and 'meta-analysis' were searched, and the same terms were searched separately as keywords.
Throughout the search, wild cards and other symbols appropriate to each database were used to ensure that plural, other variations and non-English terms were captured. Within each concept, the results of the subject heading and keyword searches were combined using the OR Boolean operator. Results of the three concept searches were combined using the AND operator. The search was not limited by date or language except for the earliest year set by each database.
In addition to searches via these electronic databases, grey literature (for example, conference abstracts and unpublished theses) was identified via the Bielefeld Academic Search Engine (https://www.basesearch.net/about/en/; BASE) and Open Grey (http://www.opengrey.eu/) databases. The Prospero database (http://www. crd.york.ac.uk/PROSPERO) was searched for ongoing systematic reviews. The reference lists of included studies (see below) were searched for relevant systematic reviews. The American Academy of Optometry and Association for Research in Vision and Ophthalmology conference abstracts were searched for the 10 years from 2007 to 2017. Finally, key experts in the field were contacted to ask about any systematic reviews not identified in the above process.
Two authors (MLC and CMS) independently reviewed the list of results and identified studies that were systematic reviews relevant to the efficacy of coloured overlays or lenses for any form of reading difficulty including visual stress. This decision was based on the title of each study and, when unclear from the title, the abstract or full Coloured filters for reading difficulty Suttle, Lawrenson and Conway text. Studies that were not considered relevant were excluded and those considered relevant were included for further analysis.
Once this process was completed independently, the two reviewers met to compare their results and to agree on a final list of included and excluded studies. When planning this overview, a scoping review revealed a small number of systematic reviews which had included different populations (different age ranges and types of reading difficulty) and it seemed unlikely that it would be possible to quantitatively synthesise the data. For this reason a qualitative synthesis only was planned.
Characteristics of each included systematic review were reviewed independently by authors MLC and CMS to identify methodology, results and conclusions of each review. Data extraction for this purpose was conducted using a template which was drafted and piloted before application, to ensure all relevant aspects of methods were addressed. Any differences between characteristics extracted by the two authors were resolved by discussion.
Initially, the AMSTAR checklist 29,30 was used to appraise the included reviews. During this process, a new checklist, AMSTAR 2, 31 was published. Since the latter was developed to overcome limitations of the original version, 32,33 the new checklist was applied instead. Note that the PROSPERO protocol for this review indicates that AMSTAR would be used and the register includes additional information stating that the AMSTAR 2 was used instead. The included reviews were appraised by MLC and CMS independently. For each systematic review, the 16 questions included on the AMSTAR 2 checklist were considered along with the checklist guidelines and answered with 'yes', 'partial yes', 'no' or in some cases 'not applicable'. Again, once this process had been completed independently the two reviewers met to agree on their final appraisal for each study by consensus. It is possible to generate a score using this test, but this may be misleading, [29] [30] [31] [32] [33] and in the present study the checklist was used as a qualitative rather than quantitative indicator.
RESULTS
Twenty-six studies were identified in the database search and a further five through other sources. After exclusion of duplicates and articles that did not fit the inclusion criteria, four studies were included. Figure 1 is a PRISMA diagram showing the number of studies identified at each stage of the search and selection process. Studies that were excluded due to not fitting the criteria, and the reasons for exclusion, are provided in Table 1. 3,17,34-46 Table 2 provides a summary of the included studies and their characteristics, results of any quantitative analysis, and conclusions. Three 47, 48, 50 of the four studies focused on coloured overlays and lenses, while one 49 included this form of intervention along with a range of others. They had been published from 2008 to 2016. While all four focused on the effects of coloured filters on forms of reading difficulty, one was specifically on these effects in visual stress. 48 The reviews all included studies on these effects in children; three of the four also included adults, 47, 48, 50 while one included adolescents but not adults. 49 Unsurprisingly, given the range of methods and scope, conclusions differed to some extent. All four systematic reviews found that studies on the efficacy of coloured filters for alleviating reading difficulty have limitations; three of the four concluded that the evidence is not sufficient to confirm any beneficial effect of coloured filters, 47, 49, 50 while one concluded that the evidence does suggest a beneficial effect. Figure 2 shows, for each of the 16 questions included in the AMSTAR 2 checklist, whether each of the four systematic reviews included here satisfied the criteria and gives a brief explanation for each decision.
All of the four reviews included research questions and inclusion criteria that were aligned with PICO, and the review authors acknowledged any of their own conflicts of interest. Conversely, none of the reviews referred to an a priori protocol. On this question, the AMSTAR 2 tool indicates that the review should state that a protocol was developed and ideally registered prior to conducting the review, and that any deviations from it should be justified. The lack of an a priori protocol leaves the methods open to modification during the review process.
All four reviews provided information about the included studies, but key details were lacking. The reader of these systematic reviews would need to refer back to the individual studies in order to understand aspects of methods such as the information given to the participants within the study setting. One study 49 gave no information on the outcomes (for example, rate of reading) in each of the included studies. All four reviews assessed risk of bias but three [47] [48] [49] did not describe consideration of one or more recognised risk of bias indicators such as selective reporting of results.
Two of the four reviews 47,49 included meta-analyses. Both considered and discussed heterogeneity among the included studies, but neither justified the inclusion of individual studies with high risk of bias.
In both cases, the review found that the studies were not of sufficient quality to support the use of coloured filters for reading, yet the data were included in the metaanalysis. Poor quality data included in the analysis raises questions about the validity and interpretation of the analysis, but both reviews did discuss the risk of bias and quality of the included studies within their discussion and took quality into account when drawing conclusions.
One study 48 made a qualitative assessment of bias of included studies and several limitations were identified, but despite these, and acknowledging poor quality, the authors concluded that 'the balance of evidence suggests that coloured filters can alleviate symptoms or improve performance' in people with visual stress. This seems surprising in view of the acknowledged limitations of the evidence. However, the conclusion did include acknowledgement of the cost to the patient in terms of time, money and raised hopes.
DISCUSSION
Coloured overlays and lenses are widely recommended for use by people with various forms of reading difficulty including those with or without a formal diagnosis of dyslexia. Parents of children with reading difficulty or discomfort may find claims of effective treatment appealing since they offer help during a period of life in which reading is important to achieve their full academic potential.
Of the four systematic reviews identified in this overview, three conclude that evidence is not sufficient to recommend the use of coloured overlays and lenses for reading difficulty. One systematic review 48 acknowledged limitations to research quality in this area, but concluded that despite these the available evidence suggests that 48, 49 no list of excluded studies provided 49 did not describe outcomes or research designs. 47, 48, 50 insufficient details to understand study methods [47] [48] [49] did not appraise all commonly recognised risk of bias domains [48] [49] [50] did not appraise whether the included studies acknowledged conflict of interest 47, 49 grouped similar studies and used random effects model used to accomodate statistical heterogeneity 47, 49 included studies with high risk of bias in meta analysis 48 acknowledged high risk of bias but concluded that despite this the evidence suggests efficacy All reviews discussed hetereogeneity in the included studies 47 did consider publication bias in discussion but too few studies to conduct a formal assessment Statement made regarding conflicts of interest 51 Undesirable effects could be psychological as well as physical. To take one hypothetical example of a child whose teachers have identified a reluctance to read and possibly a reading difficulty; the teachers or parents may be aware of coloured overlays or lenses being helpful for some children with reading difficulty, and may seek information independently. Information and resources are widely available via the Internet (for example, http://www.crossboweducation.com/ visual-stress-resources;
http://www. bdadyslexia.org.uk/dyslexic/eyes-anddyslexia) and children or parents may seek advice via a general practitioner or optometrist. Clearly, it is vital that all health practitioners, including optometrists, make use of the best (highest quality) available evidence, tailored to the patient's needs, wishes and circumstances, as a basis for any such advice or recommendation. 52, 53 The patient and/or parent may have a strong expectation and wish for coloured overlays/lenses to significantly improve reading, and this raises two concerns. One is a high likelihood of a placebo effect when reading is tested with and without colour, meaning that the effect (such as reduced symptoms, or faster reading through colour) may be influenced by a wish or expectation, rather than any real effect on the visual system. It could perhaps be argued that any positive effect is good, even if it is a placebo effect. However, this effect is not likely to deal with any neurophysiological basis of reading difficulty. 54 The second concern is that, if the information gathered and the professional advice indicates that the intervention is likely to be effective, the patient and/or parent will have raised expectations. They will be encouraged to spend time and money on the intervention and will expect it to have a positive effect on reading ability. Thus, as well as a financial cost there are costs in terms of raised hopes which, if the intervention is not likely to solve the problem, may result in disappointment. This is clearly a concern in light of the conclusions of three of the four systematic reviews, that there is not sufficient evidence to recommend coloured overlays or lenses for the alleviation of reading difficulty or associated symptoms. Figure 2 highlights the differences between the systematic reviews in terms of factors affecting quality as defined by AMSTAR 2. None of the four published a protocol before conducting the review. Without an a priori protocol, it is not possible to know whether the methods were fixed throughout the process based on the research question, or whether the methods or the question were modified in any way as the review progressed.
The critical appraisal process identified several other limitations. For example, risk of bias of the included studies was not taken into account when combining studies in a meta-analysis, reducing the reliability of the analysis findings. Not all reviews indicated that study selection was conducted independently by more than one researcher with discussion to resolve any disagreement between their findings, or provided details of excluded studies. Not all studies specified when their search was conducted, or what restrictions (for example, language) were imposed. It is possible that some of the apparent limitations reflect incomplete reporting, but in our review process we assumed, as recommended in the AMSTAR 2 guidance, 31 that the reporting reflected the actual process.
Overall, the finding of this overview of systematic reviews is that the available evidence is not sufficiently reliable to conclude that coloured filters are effective for alleviation of reading difficulty or discomfort. Since clinical decisions should be made on the basis of the best available evidence, this implies that coloured filters should not be recommended for this purpose until reliable evidence is available to demonstrate clearly that they are likely to be effective. As concluded by Evans and Allen, 48 this type of intervention is unlikely to cause harm in terms of the patient's health. In the absence of potential for harm, the clinician might consider prescribing this intervention for the benefit of a placebo effect.
It is important, however, to consider the implications for the patient in terms of financial cost and raised expectations, in addition perhaps to neglecting other interventions in favour of this one. Public 
